We present the results of detailed spectroscopic abundance analyses for 18 elements in 31 nearby stars with planets. The resulting abundances are combined with other similar studies of nearby stars with planets and compared to a sample of nearby stars without detected planets. We find some evidence for abundance differences between these two samples for Al, Si and Ti. Some of our results are in conflict with a recent study of stars with planets in the SPOCS database. We encourage continued study of the abundance patterns of stars with planets to resolve these discrepancies.
INTRODUCTION
The present study continues our series on the chemical abundances of nearby stars with planets (SWPs); for a summary of previous papers in the series, see Laws et al. (2003) . To date, the only well-established chemical abundance anomaly among SWPs is the dependence of the incidence of giant planets on the host star's metallicity (Fischer & Valenti 2005; Santos et al. 2005) .
Less conclusive has been evidence for differences in the chemical abundance patterns between SWPs and stars without known planets. Several recent studies have presented the results of extensive abundance analyses of SWPs (Bond et al. (2006) ; Ecuvillon et al. (2006) ; Gilli et al. (2006) ; Gonzalez et al. (2001) ; Luck & Heiter (2006) ; Robinson et al. (2006) ; Takeda & Honda (2005) ), but the results of these studies are not entirely consistent with each other. For example, Robinson et al. (2006) reported statistically significant differences between SWPs and a comparison sample for Si/Fe and Ni/Fe abundance ratios. Other studies have reported, instead, differences for Li, Na, Mg and Al.
The observed compositional differences between SWPs and comparison stars have been discussed within the context of three classes of explanation (Gonzalez 2006b): primordial, orbital period bias and self-enrichment. The primordial explanation best accounts for the data, but the other two explanations can not yet be eliminated. Discovery of additional abundance anomalies among SWPs would help us test these three explanations more critically and allow us to determine their relative contributions. The results of these tests, in turn, will allow us to set tighter constraints on planet formation models. For example, Ida & Lin (2005) have reproduced the observed metallicity dependence of giant planet incidence assuming the core instability accretion model of planet formation.
In the present work we employ the stellar atmospheric parameters presented in Laws et al. (2003) for 31 SWPs to determine [el/H] values for 18 elements: Li, C, N, O, Na, Mg, Al, Si, S, Ca, Sc, Ti, Cr, Mn, Ni, Cu, Zn and Eu. Since most of these elements have been studied in SWPs by others, we can compare our results to published data to check for consistency. More importantly, since the lists of SWPs included in the published spectroscopic studies have considerable overlap with each other and with the present work, we can produce a new, improved database of SWP abundances by correcting for systematic abundance differences. We can do the same for published data on comparison stars. In this way, we provide more sensitive tests of the claimed abundance differences between SWPs and control samples.
ABUNDANCE ANALYSIS AND RESULTS

Sample and Analysis
We focus on the 31 SWPs examined in Laws et al. (2003) (here, we are now including HD 202206 amongst the SWP sample for comparison purposes in this paper). We measured equivalent widths (EWs) for atomic lines of C, N, O, Na, Mg, Al, Si, S, Ca, Sc, Ti, Cr, Ni, Zn and Eu. We then used these EWs values and the values of T eff , log g, ξt, and [Fe/H] for each star given in Laws et al. (2003) and the Kurucz (1993) LTE plane-parallel model atmospheres as input to the line analysis code MOOG (Sneden (1973) , updated version) to determine the elemental abundances. This is the same code we have used in our previous papers in this series.
Details of our method of analysis, including determination of the uncertainties of the atmospheric parameters and abundances, are described in Gonzalez (1998) and Gonzalez & Vanture (1998) . In brief, for each star we determined the four basic atmospheric parameters and their uncertainties from the measured Fe I and Fe II EWs and assuming excitation and ionization equilibrium. We then propagated these uncertainties in our calculation of the uncertainties of the abundances of the other elements. The exceptions to this procedure were abundances determined from spectrum arXiv:0704.2220v1 [astro-ph] synthesis (see below); for these, we adopted an uncertainty of ± 0.10 dex, which results from the uncertainty in visually matching the observed and synthetic spectra. We applied corrections for non-LTE effects only to the measurements of the O I triplet near 7770Å, as prescribed by Takeda (2003) .
We also determined [el/H] values for several elements by comparing the observed spectra with synthetic spectra, again utilizing model atmospheres and the basic stellar parameters given in Laws et al. (2003) . As in previous papers in this series, [Li/H] and [Al/H] were determined from syntheses of the Li region near 6707Å . For the present work, we added two more regions: λλ 5777-5787Å for the Cu abundance from the Cu I line at 5782Å and additional constraints on the Cr abundance; and λλ 6005-6015Åfor the Mn abundance from the Mn I line at 6013Å as well as additional constraints on C and Ni abundances. Sample syntheses of these regions for HD 82943 are shown in Figure  1 .
The hyperfine components for the Cu I line are from Cunha et al. (2002) , and the hyperfine components for the Mn I line are from Prochaska & McWilliam (2000) . Additional lines for these spectral intervals are from the compilations of Kurucz & Bell (1995) , adjusted to provide a good match between the synthetic and observed solar spectra. Typical adjustments to the line oscillator strengths were a few tenths of a dex, but it was as large as 0.8 dex in one instance. For Mn and Cu, we adopted logarithmic solar abundances of 5.33 and 4.05, respectively. For those elements studied in previous papers in this series, we have employed the same solar abundances in order to facilitate comparison between these data sets.
Results
We present our abundance results in Tables 1 -5 and Figures 2 and Figures 2 and 3 . We correct the offsets between our results and others in the literature in the following section. 
A Combined Sample
The need for an extensive stellar control sample to compare to the SWPs has reinvigorated several research groups to more systematically characterize the physical parameters and chemical abundances of nearby sun-like stars. This environment, in which independent groups present estimates of basic physical data for the same stars, is an ideal one for ferreting out systematic differences among their data. Several research groups have reported evidence of anomalous abundance patterns among SWPs compared to stars without known planets. Gonzalez et al. (2001) reported finding slightly smaller Na/Fe, Mg/Fe and Al/Fe abundance ratios among SWPs. Beirao et al. (2005) In order to test these claims, we have constructed a new database of SWP and comparison star abundances by combining abundance data from several recent studies of these stars in a consistent way. The results of such a procedure are shown in Figures 4 to 7. We produced them in the following way.
We compiled SWP abundance data from Bond et al. (2000), Gonzalez et al. (2001) , the present work and Luck & Heiter (2006) for C, Na, Mg, Al, Si, Ca, Sc, Ti, Fe and Ni. For C, we also use the abundance results of Ecuvillon et al. (2004) and Takeda & Honda (2005) . The O abundances include data from Next, we used data from the SWPs stars in common between pairs of studies listed above to calibrate out any systematic differences; data from comparison stars in common between Gilli et al. (2006) and Bond et al. (2006) were also included. For a given pair of studies, we fit the abundance differences from the stars in common to the following equation: Tables 6 and 7 . To apply the correction, the number calculated from Equation 1 is subtracted from [el/H]2. In selecting the parameters to include in Equation 1, we also checked on possible correlations with log g but did not find anything significant. Thus, while one or more weak systematic trends may still exist in these data, we have little to gain at this point from including more terms in Equation 1.
We applied the calibration equations to the SWP data from the corresponding studies and calculated simple average abundances from the individual calibrated values for each element in each star. The number of calibration stars employed for each element ranged from about 30 to 50. In this way, we set Gilli et al. (2006) as the reference for all the elements except C and O. For C we selected Ecuvillon et al. (2004) We list the final corrected and combined abundance values for the SWPs in Table 8 . For each element we also give the standard deviation of the abundance and the number of measurements. We calculated the standard deviation from the uncertainties from the individual studies summed in quadrature and averaged. This procedure probably slightly overestimates the uncertainties, but a calculation based on the scatter of the individual measurements for each star would underestimate them. The typical error bars we show in Figures 4 and 5 are based on the uncertainties listed in Table 8 .
The abundance data for the comparison stars are from Gilli et al. (2006) and Bond et al. (2006) for all elements but O.
1 As in our analysis of the SWP abundances, we calibrated the comparison star abundances with Equation 1 and the constants listed in Tables 6 and 7 While application of the abundance corrections introduces additional uncertainties (given the uncertainties in the coefficients to the equation), these are outweighed by the relative systematic abundance differences they remove from the various datasets. We did not add the additional uncertainties introduced from Equation 1 to the uncertainties due to the spectroscopic analyses, since our primary goal in the present study is to compare the abundance patterns of the SWPs and the comparison stars.
In Figures This improved dataset allows us to search for subtle differences between the SWPs and the comparison stars. Visual inspection of the binned data in Figures 6 and 7 reveals several differences between the SWP and comparison star abundances. Most of the elements plotted in the figures display at least one significant difference in the binned data. More significant are those cases that display different trends among the metal-rich bins. Among the most metalrich stars, for example, the Al/Fe and Si/Fe abundance ratios are systematically smaller for the SWPs than for the comparison stars, and the Ti/Fe ratio displays the opposite trend. Other abundance ratios, such as Na/Fe, Mg/Fe, Sc/Fe and Ni/Fe, display more subtle differences in the trends. The differences appear smallest for the C/Fe, O/Fe and Ca/Fe abundance ratios.
We show in Figure 8 the binned abundances for the elements Na, Si, Ti and Ni from the SPOCS database. The data were binned as in It is not clear which of these results is correct. Valenti & Fischer (2005) employed a new method of abundance analysis very different from the more traditional method employed by the other recent spectroscopic studies of SWPs. On the face of it, we should expect the random errors to be smaller for the comparison stars sample in the SPOCS database, given its size and homogeneity, but the number of SWPs in SPOCS is similar to that in Gilli et al. (2006) .
The implications of real differences in the chemical abundance patterns of SWPs compared to stars without planets are far-ranging. For example, Gonzalez (2006a) employed some of the abundance data from the present work, along with data from other studies, to search for anomalous abundance trends with condensation temperature. No significant trends were found; Ecuvillon et al. (2006) and Huang et al. (2005) independently reached the same conclusions. Had such trends been found, they would have indicated that accretion of metal-rich material onto the convection zones of SWPs ('self-enrichment') may account for at least part of their high observed metallicities (Gonzalez 2006b). Nevertheless, the search for trends with condensation temperature should continue as the sample of SWPs continues to grow; even upper limits on the amount of accreted metal-rich material can be helpful.
The chemical abundance patterns among SWPs can also give us clues about giant planet formation processes. For example, the absence of strong evidence for competing explanations for the planet-metallicity correlation leads us to conclude that the 'primordial' explanation accounts for the bulk of the data. In addition, Ida & Lin (2005) have succeeded in reproducing the observed planet-metallicity correlation within the theoretical framework of the core instability accretion model. Robinson et al. (2006) examined the abundance patterns in SWPs to determine if initial metallicity is the only controlling compositional factor in giant planet formation. If giant planet formation depends on a nearby supernova, for example, then not only will the metallicities differ but so will the chemical abundance patterns of SWPs differ from those of other nearby stars. It could be the case that an element other than Fe (employed as the primary metallicity indicator) is physically more important for planet formation. If overall metallicity is the only important factor, then the el/Fe ratios should be the same in SWPs and comparison stars.
If an element other than Fe is important for planet formation, then differences between SWPs and comparison stars will be evident in plots such as those shown in Figures  6 and 7 . Among metal-rich stars there is a spread in [el/Fe] of a few tenths of a dex at a given value of [Fe/H] . Some of it is due to measurement error, but some is intrinsic. The intrinsic spread in the abundance of an element other than Fe critical to giant planet formation could be sufficient to account for the observed planet-metallicity correlation. In this case the Fe abundance would not be the primary determinant of giant planet formation; Robinson et al. (2006) suggest in this case that "...iron abundance derives its power as a predictor of planet presence from its correlation with the abundance of another element of more physical importance to the planet formation process ...."
Based on their finding higher [Si/Fe] values among SWPs, Robinson et al. (2006) predicted that other α-elements would also be found to be enhanced in SWPs. In particular, they predicted C, O, Ne, Mg, S and Ar should also be enhanced in SWPs; since O is the most abundant element at the location in the protoplanetary disk where giant planets form, they predict it should be more enhanced in SWPs than the other elements. We do not confirm their prediction of higher [O/Fe] values in SWPs.
Gonzalez (2006b) gave several suggestions for improving abundance analyses of SWPs and comparison stars. In particular, there is need for more comparison stars with [Fe/H] 0.3 dex. The SWPs data extend to nearly 0.4 dex. Also, the number of SWPs with [Fe/H] values below -0.2 dex is relative small. This situation will improve as the number of known SWPs continues to grow. Finally, it should be relatively straightforward to double the number of SWPs with multiple independent spectroscopic abundance analyses, given the number of groups involved in such work. Of particular importance will be improvements in O abundance data.
CONCLUSIONS
We have determined We combined our abundance data with similar data from other studies of SWPs for a subset of these elements. Prior to combining the datasets, we corrected the individual abundance values for systematic differences among the studies. The resulting combined abundances exhibit slightly different Al/Fe, Si/Fe and Ti/Fe ratios between the metalrich SWPs and comparison stars; more subtle differences are apparent for Na/Fe, Mg/Fe, Sc/Fe and Ni/Fe. We do not confirm the findings of Robinson et al. (2006) that Si and Ni abundances are higher in SWPs compared to stars without planets. Neither do we confirm their prediction that O abundances should be higher among SWPs. We encourage additional studies of the abundance patterns of SWPs with the goal of resolving these differing results.
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